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Abstract 
According to the mass transport equations of vapor and liquid, and Rayleigh-Plesset equation, a cavitation model based on a 
single-fluid multi-phase flow method is proposed, which especially considers the nonlinear variety of the bubble radius and is 
expected to deal well with cloud cavitating flow.The proposed cavitaion model was validated against a benchmark database for 
2D NACA66MOD hydrofoil and experimental photos of E779A propeller sheet cavitation shape. The overall results suggest that 
the present proposed cavitation model is practicable for simulating cavitating flows. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Cavitation generally occurs when the local pressure drops below its vapour pressure. Cavitation presents complex 
unsteady, turbulent and multi-phase flow phenomena with a large density difference and mass transfer. These 
features result in a unique challenge for the simulation of cavitating flows. 
Numerical method is highly important approach for studying the cavitating flow. Computational methods for 
cavitation have been studied since over two decades ago. In general, the methods can be largely categorized into two 
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groups: single-phase modeling with cavitation interface tracking and multi-phase modeling with cavitation interface 
capturing.  
2. The derived process of a cavitation model 
The cavitation modeling based on mass transport equation is to introduce the concept of volume fraction, and the 
source term of the mass transport equation is used to model the evaporation and condensation transition, the mixed 
density is calculated using the volume fraction.The mass transport equations of vapor and liquid and the mixed 
density are written as: 
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where D  is the vapor volume fraction, vU , lU  and U  are the density of vapor,  liquid and mixed density, S  is 
the source term, m and m  respectively express condensation and evaporation process. 
Adding Eq.(1-2), the mixed phase continuity equation is written as follow: 
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Eq.(1)h lU  Eq.(2)h vU , we can get that: 
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Extending Eq. (4): 
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Using Eq. (6), we can get Eq. (7): 
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Substituting Eq. (7) into Eq. (5), we can get Eq. (8): 
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Deriving Eq. (3), yielding a relation between the mixture density and vapor volume fraction: 
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Substituting Eq. (9) into Eq. (8), we obtain the relation between the source term and volume fraction fraction: 
v l DS
Dt
U U D
U          (10) 
The vapor is assumed to consist of mimi spherical bubbles. Therefore, the vapor fraction can be calculated by 
Eq. (11). 
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where R  is the bubble radius and n  is defined as bubble number per unit volume of pure liquid. 
Deriving Eq. (3), we obtain the expression of the vapor production rate:
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From the Eq. (11), we can get the relation between bubble radius and the vapor fraction: 
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Combining Eq. (10, 12, 13), the source term can be written as follow: 
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Now we use the Rayleigh-Plesset equation to compute the derivative of bubble radius. Ignoring the viscosity, 
slip velocity and the behavior of gas, the Rayleigh-Plesset equation can be written as flollw: 
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Noting the Eq. (16): 
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Combining Eq. (15, 16), we can get Eq. (17):
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Integrating the Eq. (17): 
3
0
3
2
(1 )
3
v
l
p p R
R
RU
         (18) 
Substituting Eq. (18) into Eq. (14), we obtain the expression of source term:
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According to Singhal model, and considering the effect of turbulent kinetic energy k and surface tension V , 
the source term is finally written as follow: 
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where satp is saturated pressure, turbp is turbulence induced pressure fluctuation, it can be written as: 
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3. Validation of cavitation model 
For validating the cavitation model, the cavitating flows over NACA66(MOD) hydrofoil and E779A propeller 
model were simulated using ANSYS and RANS method, and the cavitation model was loaded by the UDF. 
3.1. Steady cavitating flow over a NACA66(MOD) hydrofoil 
Shen and Dimotakis (1989) measured static pressure on a foil surface at various angles of attack D and cavitation 
numbersV . A NACA66(MOD) airfoil section with canber ratio of 0.02, mean line of 0.8 and thickness ratio of 0.09 
was used. The non-dimensional parameters of interest were: 
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Figure 1 presents the comparison of the computed and measured pressure distribution on the foil surface, the 
computed pressure distribution agree well with the experimental results.  
 
Fig.1. Pressure distribution on the foil surface at D =4e(left:V =0.84; right:V =0.91). 
3.2. Propeller sheet cavitation in uniform flow 
The research object is a four bladed model propeller INSEAN E779A, which is known for abundant experimental 
data. It is a skewed propeller with diameter D=0.227m, pitch-to-diameter ratio of 1.1 and forward rake angle of 
4.05°. Table 1 is the cases of computational.J is advance ratio. N is rotational speed of propeller. V is speed of 
inflow. σis cavitation index. The expression of cavitation numbers is written as follow: 
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Table 1.Thecomputational cases. 
J N˄rps˅ V˄m/s˅ σ 
0.71 20 3.2234 1.515 
0.77 20 3.4958 1.783 
We simulated propeller sheet cavitation at two different advance ratio and different cavitation numbers. Figure 2 
presents the comparison of computed cavity shapes with measured results which come from Salvatore (2003).The 
computed cavity shapes can be confirmed by the contours of vapor volume fraction on the backside of the blade. It 
is clearly seen that cavitation is to occur in the tip area. Although the vortex cavity is missing in the computation, 
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which is attributed mainly to the mesh resolution in the cavitating region, the cavity shapes on the blade is in good 
agreement with each other. 
 
(a)J=0.71ˈσ=1.515(b)J=0.77ˈσ=1.783 
Fig.2. Comparison of cavity shapes(left: Exp.; right: present). 
4. Conclusions 
According to the mass transport equations of vapor and liquid, and Rayleigh-Plesset equation, a cavitation 
model based on a single-fluid multi-phase flow method is proposed, which especially considers the nonlinear 
variety of the bubble radius and is expected to deal well with cloud cavitating flow. The proposed cavitaion 
model was validated against a benchmark database for 2D NACA66MOD hydrofoil and experimental photos 
of E779A propeller sheet cavitation shape. The overall results suggest that the present proposed cavitation 
model is practicable for simulating cavitating flows. 
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